Background: Unusually high amounts of N region addition and CDR3 length diversity were found in immunoglobulin (Ig) light chain Vk and Jk joins in patients with rheumatoid arthritis (RA). We sought to determine whether this finding is due to excessive activity of the enzyme responsible for N region addition (terminal deoxynucleotidyl transferase [TdT] 
Introduction
Rheumatoid arthritis (RA) is a systemic disease marked by synovial inflammation and hyperplasia that often destroys involved joints (1, 2) . Infiltration of the synovium by antibody secreting plasma cells is a hallmark of the disease (3, 4) . Immunoglobulins are heteromeric proteins consisting of two heavy and two light chains, each of which is divided into a variable domain (V) that defines the antigen specificity of the molecule. V domains contain 3 hypervariable intervals of the complementary-determining regions (CDR1, CDR2, and CDR3) that are divided into 3 relatively constant domains of the framework regions (FR1, FR2, and FR3)(5-7). The V H -D H -J H and V L -J L and non-germline-encoded (N) nucleotides additionally define CDR3. The CDRs are usually directly involved in antigen binding, with CDR3 at the center of antigen binding sites (6) .
Previous studies showed high levels of non-germline encoded nucleotides (N regions) in VJ joins of kappa light chain from RA synovia and unsorted cells of RA peripheral blood (PB) (8, 9) . N-nucleotides enhance antibody diversity by encoding additional amino acid residues in CDR3. This finding may be due to positive antigenic selection or rearrangement abnormality from the bone marrow or lymph nodes.
In order to clarify these matters, we separated IgM 
Materials and Methods
Patient and control characteristics and cell separation of peripheral blood mononuclear cells (PBC) . PBC from patient AS, a 46-year-old black female with a 10-year history of RF-positive RA, and from two normal healthy individuals, a 35-year-white female SB and a 37-year old Asian male CL, were isolated by FicollIsopaque density centrifugation. PBC were incubated with anti-CD19-microbeads for 15 (10) . Nucleotide exchanges in V were considered for the analysis of somatic mutation. Levels of somatic hypermutation were assessed by comparing the number of nucleotides from the codon 20 of FR1 throughout the CDR3 domains (6) . Non-germline encoded nucleotides at the V -J joint, which represent N-region insertion, and P nucleotides, which are palindromic to terminal nucleotides of the coding sequence, were not counted as somatic mutations (11) . Statistical analysis. The results are presented as the (Fig. 1) . The levels of somatic mutation, as reflected by divergence from germline, among the transcripts from the different samples are shown in Table I ). The nucleotides of N-region addition in the RA patient (1.3±0.3, n=40) were significantly higher than those of the two normal controls (0.4±0.1, n=58)(P=0.0003), as in previous report (9) (Fig. 3) Table I and Fig. 4 , in order to demonstrate CDR3 length. Clones with unusually long CDR3s (one 11 and two 12 amino acid codons) were found in 3 of 40 (7.5%) transcripts from the RA patient, but in none of 58 transcripts from the normal controls. One 11 and one 12 amino acid codons were found in 19 transcripts of IgM Germline derivation of light chains amplified with Humkv325 and C primers. The majority of transcripts amplified with Humkv325 and C primers were derived from Humkv325 (A27) (36%). Most of the remaining clones were derived from two other members of the V III family, 29% from Humkv328 (L2) and 21% from Vg (L6). One clone, AN22, was 
Discussion
During B cell development, a series of highly regulated gene rearrangements generates a function antibody molecule. In the pro-B cell stage, the heavy chain locus undergoes rearrangement. Variable heavychain domains are encoded by variable (V H ), diversity (D H ), and joining (J H ) gene segments, which undergo sequential somatic rearrangement to become juxtaposed in the genomic DNA (5). Initially, one or more D H gene segments are rearranged to a J H gene segment, followed by rearrangement of the V H gene segment to the D H -J H join. After heavy chain rearrangement, the kappa light chain segment undergoes rearrangements of V L and J L gene segments to generate light chain variable domains, presumably in the pre-B cell stage (7) .
During the pro-B cell stage, the enzyme responsible for N-region addition, TdT is present in the nucleus of the cell. Although functional TdT has not been shown to be present at the time of kappa light chain rearrangement, N region addition is clearly present in kappa light chains from normal individuals and patients with RA (10) (11) (12) 16 Length   of   Codon  89  90  91  92  93  94  95  96  97  98  99  100  101  102  103  104  105  106  107  aa codo Humnkv325 CAG CAG TAT GGT AGC TCA CCT CC G TGG ACG TTC GGC CAA GGG ACC AAG GTG GAA ATC AAA J k 1
TG TAC ACT TTT GGC CAG GGG ACC AAG CTG GAG ATC AAA J k 2 AN7
-
Humnkv328 CAG CAG TAT AAT AAC TGG CCT CC G TGG ACG TTC GGC CAA GGG ACC AAG GTG GAA ATC AAA J k 1
Humnkv305 CAG CAG TAT GGT AGC TCA CCT CC G TGG ACG TTC GGC CAA GGG ACC AAG GTG GAA ATC AAA J k 1 Length  of  Codon  89  90 91 92  93  94 95  96  97  98  99  100 101 102 103 104 105 106  107  aa codo   Humnkv325  CAG CAG TAT GGT AGC TCA CCT CC  G TGG ACG TTC GGC CAA GGG ACC AAG GTG GAA ATC AAA J k 
G ATC ACC TTC GGC CAA GGG ACA CGA CTG GAG ATT AAA J k 5 9
Vg CAG CAG CGT AGC AAC TGG CCT CC TG TAC ACT TTT GGC CAG GGG ACC AAG CTG GAG ATC AAA J k 2
G CTC ACT TTC GGC GGA GGG ACC AAG GTG GAG ATC AAA J k 4
non-autoreactive, antigen receptor, they come into the peripheral B cell pool as naive cells. Upon encountering antigen, the antibodies expressed by a B cell are modified by class-switch recombination and somatic hypermutation (18, 19) . Somatic hypermutation appears to B cells proliferating within the microenvironment of germinal center (GC) (20, 21 (Fig. 4) . Data from other investigators show that V CDR3 regions with more than 10 codons were very rare in normal individuals (6, 12, 13, 23) . Most data showed less than 5% of CDR3 domains of 11 amino acids from normal PB. Nobody has reported CDR3 domains of 12 amino acids in V transcripts. Our data also showed no CDR3 domains of 11 or 12 amino acids among the 59 V transcripts of two normal controls. However, there were two CDR3 domains of 12 amino acids and one of 11 amino acids expressed among the 40 V transcripts (7.5%) of the RA patient. Our previous data from unsorted peripheral B cells in the same RA patient (AS) showed two CDR3 domains of 10 sequences with 11 amino acids (9) . Interestingly, two of 3 abnormally long CDR3 domains in RA were expressed in IgM Ig gene rearrangement was first described as a mechanism for the generation of junctional diversity in heavy chain CDR3 (24, 25) . A previous study with unsorted PBC in normal individuals and the same RA patient has shown N-region addition was present in kappa light chains with a similar proportion (9) . In our present study with sorted IgM In conclusion, these data suggest that enrichment for N region addition and long CDR3 lengths in RA may be from unusually high or prolonged activity of TdT in bone marrow B lineage cells.
